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Science for All, Including Students 
From Non-English-Language Backgrounds 

OKHEE LEE SANDRA H. FRADD 

Standards-based reform across subject areas has an overarching 
goal of achieving high academic standards for all students. Al-
though much is known about what constitutes high academic 
standards, little attention has been given to the attainment of ed-
ucational equity for all students. In this article, we propose the no-
tion of instructional congruence as a way of making academic 
content accessible, meaningful, and relevant for diverse learners. 
Although our discussion considers students from non-English-
language backgrounds (NELB) in science education, comparable 
approaches can be applied to other diverse student groups and 
other subject areas. We discuss an agenda for research, practice, 
and policy in promoting high standards for all students across 
subject areas. 
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Standards-based reform across subject areas has an 
overarching goal: high academic standards for all stu-
dents (McLaughlin, Shepard, & O'Day, 1995; Smith & 

O'Day, 1991). Core components are emphasized for high 
academic standards across subject areas, including an un-
derstanding of key concepts and relationships, inquiry and 
problem-solving, communication and discourse, and dis-
positions or habits of mind in a discipline (Glaser & Linn, 
1997; McLaughlin et al., 1995; National Council of Teachers 
of Mathematics, 1989; National Research Council, 1996). 

Although research has provided a knowledge base for 
high standards of curriculum, instruction, and assessment 
across subject areas, the attainment of educational equity 
has received little attention. In fact, there is a great concern 
that "lack of support in reaching high standards will further 
victimize students already harmed by gross inequalities in 
the educational system" (McLaughlin et al., 1995, p. 68). In 
addition to questioning the nation's ability to meet the ed-
ucational needs of its children, in her 1996 AERA presiden-
tial address, Linda Darling-Hammond emphasized the im-
portance of creating a knowledge base so that all students 
can achieve high standards: 

What would it actually mean to teach all children to the 
high standards politicians talk about and educators are 
trying to fashion? What are the real educational implica-
tions of the school reform mantra "all children can learn"? 
What kinds of teaching practices support learning that en-
ables higher levels of performance and understanding for 
different kinds of learners? . . . These are central research 
questions for the contemporary reinvention of democratic 
education. Their answers rest in part, I believe, on our 

growing ability to produce knowledge for and with edu-
cators and policymakers in ways that provide a founda-
tion for a more complex form of teaching practice, one that 
attends simultaneously to students and their diverse 
needs on one hand and to the demands of more challeng-
ing subject matter standards on the other. (p. 8, original 
emphasis) 

In this article, we discuss a process of promoting high 
academic standards for students from non-English-
language backgrounds (NELB), an often underserved, yet 
rapidly growing population. We propose the notion of in-
structional congruence to indicate the process of mediating 
the nature of academic content with students' language and 
cultural experiences to make such content (e.g., science) ac-
cessible, meaningful, and relevant for diverse students (e.g., 
NELB students). The framework for instructional congru-
ence for NELB students in science education integrates lit-
eracy and science to promote achievement in both areas (see 
Figure 1). We begin by explaining the framework of in-
structional congruence. Then we describe the components 
of instructional congruence, including the students, literacy, 
science, and teachers. We close the article by proposing an 
agenda for research, practice, and policy to promote high 
academic standards for all students. Although our discus-
sion focuses on NELB students in science education, com-
parable approaches can be applied to other diverse student 
groups and other subject areas. 

The Framework of Instructional Congruence 
Traditionally, science has been taught with the expectation 
that students will understand and learn when teachers pre-
sent the content in scientifically appropriate ways. In the 
framework in Figure 1, the emphasis has been on the left 
side of the science-literacy graphic with little consideration 
to students' literacy, language, and cultural understanding. 
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FIGURE 1. Conceptual framework for instructional congruence in literacy and science. 

This practice may account, in part, for the underrepresen-
tation and alienation of diverse students in science. 

With the increasing diversity of the student population 
across the nation, there has been a growing interest in issues 
of culture and language in science instruction. Research on 
cultural congruence indicates that when teachers and stu-
dents share languages and cultures, they tend to develop 
congruent ways of communicating and sharing under-
standings (Au & Kawakimi, 1994; Trueba & Wright, 1992; 
Villegas, 1991). Although cultural congruence may be a crit-
ical initial step in promoting students' attention and en-
gagement, the students may not learn science unless teach-
ers also understand the nature of science and know how to 
guide the students in developing an understanding of sci-
ence (Fradd & Lee, 1995). In reference to the framework in 
Figure 1, cultural congruence typically stresses the right 
side of the science-literacy graphic, where teachers and stu-
dents interact based on shared languages and cultures 
without a particular focus on the nature of subject areas 
(Saunders, Goldenberg, & Hamann, 1992; Tharp & Gal-
limore, 1988; Tuyay, Jennings, & Dixon, 1995). 

To establish instructional congruence in science and liter-
acy instruction for NELB students, teachers need to know 
(a) who the NELB students are, (b) how the students ac-
quire literacy and English-language proficiency, (c) what 
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the nature of science is and what kinds of language and cul-
tural experiences the students bring to the learning process, 
and (d) how to guide and enable the students to understand 
science. Through the combined understanding of literacy 
and science, teachers can create a dynamic process that mu-
tually supports both areas of learning (Fradd et al., 1997). 

Students From Diverse Backgrounds 
In recent decades, high sustained birth and immigration rates 
of students from diverse languages and cultures have made 
the need for effective instruction compelling (Improving 
America's Schools Act, 1994; U.S. Department of Commerce, 
1993). During the past decade, as the overall percentage of 
monolingual English students in public schools has de-
creased, the NELB student population has increased (Wag-
goner, 1993). These demographic changes underscore the im-
portance of identifying the challenges facing NELB students 
in learning science and the need for a comprehensive knowl-
edge base to provide effective science instruction. In address-
ing the educational needs of NELB students, educators and 
policymakers face many difficulties. Three of these issues are 
(a) the terminology to refer to the students, (b) their ethnolin-
guistic identity, and (c) the lack of assessment information. 

The terms used to identify and define NELB students 
have been problematic. In this article, we use "non-English-
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language background" (NELB) to identify a specific popu-
lation with many different home language backgrounds 
and varying levels of English-language proficiency. "Lim-
ited-English proficient" (LEP) is used by the U.S. Depart-
ment of Education to refer to a portion of the NELB popu-
lation unable to successfully participate in mainstream 
classrooms when English is the only language of instruction 
(Improving America's Schools Act, 1994). Considering that 
NELB students are the majority in many urban centers and 
a part of every state and most school districts, the term "lan-
guage minority," although widely used, is not appropriate 
(U.S. Department of Commerce, 1993). 

Ethnolinguistic identity presents another difficulty. The 
literature on ethnolinguistic diversity in the United States 
generally identifies five major categories: White, Black, 
Hispanic, Asian, and American Indian. Within each cate-
gory, there are diverse language groups with different cul-
tural experiences. Although the category of "Black" con-
sists largely of African Americans, it also includes 
significantly different language groups from Caribbean, 
Latin American, and African countries. The "Asian" cate-
gory consists of subgroups with different languages and 
cultures, including East Asians, Pacific Islanders, and 
Southeast Asians, who speak a variety of languages such 
as Khmer, Hmong, Lao, Vietnamese, Cantonese, Mandarin, 
Japanese, Korean, Tagalog, and Samoan. The "Hispanic" 
category includes learners whose primary language is usu-
ally Spanish or English, but whose cultures and ethnolin-
guistic heritages vary depending on whether they or their 
ancestors originated in the Americas, Europe, Africa, or 
even Asia. The term "Hispanic" has also been used to refer 
to indigenous people of Latin America who do not speak 
Spanish or English. The rather small population in the 
"American Indian" category includes over 100 language 
backgrounds. Although the majority speak only English, a 
proportion are bilingual (Lynch et al., 1996). Within the 
"White" category, there are students whose home lan-
guages are not English and who are from Canada, Brazil 
and other parts of Latin America, Europe, Africa, and the 
Middle East. Although commonalties can apply across 
groups and subgroups, generalizations about a particular 
ethnicity may obscure important differences. Differences in 
immigration history, socioeconomic status, acculturation 
within mainstream society, and family attitudes toward ed-
ucation all contribute to the diversity. 

The process of identifying and meeting NELB students' 
educational needs is a challenge because information about 
students' achievement is not easily accessible or compara-
ble across school districts (August & Hakuta, 1997; Fradd, 
1987). Because large numbers of NELB students, particu-
larly those designated as LEP, are exempted from state and 
district assessments used for accountability, little informa-
tion is available about their academic performance 
(McLaughlin et al., 1995; P^rez-Hogan, 1996). Even less is 
known about what actually happens during instruction 
(Bernhardt, Teemartt, & Rodriguez-Mufioz, 1995). 

Literacy: Diverse Students' Languages and Cultures 
NELB students' academic participation is influenced by 
their literacy development in home languages and in Eng-
lish. Key issues of literacy development and English-lan-
guage proficiency in academic learning are discussed 
next. 

Literacy Development 
Literacy development involves abilities well beyond being 
able to speak, listen, read, and write. In the case of science 
instruction, it involves learning to observe, predict, analyze, 
summarize, and present information in a variety of formats, 
such as orally, in writing and drawing, and through tables 
and graphs. 

Literacy development can be seen on a continuum from 
preliterate, with little or no schooling and exposure to liter-
acy, to the age- and grade-appropriate development re-
quired for academic achievement. Within this continuum, 
students bring a wide range of literacy development to the 
science learning process. Important differences exist in the 
ways that students from preliterate and literate back-
grounds use language and engage in science. For example, 
preliterate students or students developing literacy may 
have difficulty comprehending symbolic representations or 
associating them with real, three-dimensional objects. They 
may not distinguish explanations from descriptions and 
prefer repetitive statements to succinct communication. 
They may substitute gestures and nonspecific terms, such 
as "thing" and "stuff," for precise science terms (Lee, Fradd, 
& Sutman, 1995; Westby, 1995). 

All students can benefit from learning experiences that 
enable them to use language functions, such as describing, 
hypothesizing, reasoning, explaining, predicting, reflect-
ing, and imagining (Tough, 1986). Such functions are also 
important in science process and communication (Casteel & 
Isom, 1994). Preliterate students may require many concrete 
experiences and opportunities to use language functions in 
social settings before successfully applying them in aca-
demic contexts. Hands-on science activities offer important 
opportunities for social language development that can, in 
turn, provide the foundation for academic learning. 
Through these and other opportunities, students develop 
abilities for logic, reasoning, and critical thinking that are 
essential for both literacy and science learning. 

Language Learning and English-Language Proficiency 
In addition to general literacy development, NELB students 
must acquire English-language proficiency to effectively 
participate in mainstream classrooms. When English-
language learning occurs at the expense of students' other 
language(s), the process becomes subtractive rather than 
additive as students lose their home languages. Not until 
the late 1960s and early 1970s did educators become aware 
of the cognitive benefits of developing literacy and profi-
ciency in two or more languages (Lambert, 1977; Lambert 
& Anisfeld, 1969). Research, although limited, indicates that 
the use of students' home language promotes academic 
achievement in English (Tikunoff, 1985). In addition to aca-
demic advantages, bilingualism has recently been empha-
sized with respect to the workforce and global economy 
(Fradd & Boswell, 1996). Unfortunately, once students are 
determined to be "English-proficient," the use of other lan-
guages is often not considered in promoting achievement. 

In addressing the educational needs of NELB students, 
most effort has focused on LEP students. The federal gov-
ernment does not specify which tests or procedures must be 
used to assess language proficiency, but allows the states and 
districts to determine the process (August & Hakuta, 1997). 
Decisions are often based on the length of time enrolled in 
bilingual and English for speakers of other languages (ESOL) 
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programs, rather than on academic achievement. Criteria for 
exiting students from ESOL programs frequently include 
standardized test scores comparable to the performance level 
of English-proficient students with learning disabilities 
(Fradd, 1987; Fradd & Larrinaga McGee, 1994). 

When considered sufficiently proficient in English to par-
ticipate in mainstream classrooms, NELB students may not 
pose apparent challenges. Often because they blend in, 
their teachers are unaware of language background differ-
ences or potential learning difficulties. When difficulties do 
occur, they may be attributed to misconduct or learning 
disabilities, rather than a need for language learning or an 
understanding of academic content (Fradd, 1987; Fradd & 
Larrinaga McGee, 1994). 

Teachers are often unaware of distinctions between social 
and academic language (Cummins, 1984; Fradd & Larri-
naga McGee, 1994). In school contexts, social discourse 
refers to the language used when participating in concrete, 
context-embedded interactions where students learn by ob-
serving, imitating, and interacting with others so that no 
single student is responsible for a particular outcome. In 
contrast, academic discourse, which is closely related to lit-
eracy development, refers to the language used in abstract, 
decontextualized activities requiring students to work in-
dependently, to rely on their own understandings of both 
the language and the content of the task, and to be singly re-
sponsible for an outcome. Teachers often do not understand 
task-demand differences between academic and social lan-
guage and do not differentiate accordingly. 

Science: Diverse Students in Learning Science 
Science education standards documents (AAAS, 1989,1993; 
NRC, 1996) represent a general agreement regarding high 
academic standards for curriculum, instruction, and assess-
ment. According to these documents, science learning in-
volves a two-part process "to acquire both scientific knowl-
edge of the world and scientific habits of mind at the same 
time" (AAAS, 1989, p. 190; see Figure 1). The development 
of scientific knowledge involves "knowing" science (i.e., 
scientific understanding), "doing" science (i.e., scientific in-
quiry), and "talking" science (i.e., scientific discourse; see 
Table 1). The cultivation of scientific habits of mind includes 
scientific values and attitudes, as well as the scientific world 
view. These components of science learning have also been 
considered as general frameworks for some of the recent 
large-scale assessment projects, including the National As-
sessment of Educational Progress (National Assessment 
Governing Board, 1996) and the Third International Math-
ematics and Science Study (Martin & Kelly, 1996; Robitallie 
et al., 1993). 

Although the standards documents generally define sci-
ence in the Western science tradition (AAAS, 1989, p. 136; 
NRC, 1996, pp. 201, 204), alternative views have been ad-
vocated by scholars in the emerging areas of multicultural 
education, feminism, and sociology and philosophy of sci-
ence (Atwater & Riley, 1993; Eisenhart, Finkel, & Marion, 
1996; Hodson, 1993; Stanley & Brickhouse, 1994). These 
scholars raise issues of power and the marginalization of 
nonmainstream groups and challenge the basic notion of 
science and the traditionally defined meaning of scientific 
literacy. 

Large-scale standardized test scores in science clearly in-
dicate significant achievement gaps among ethnolinguistic 

groups (e.g., Mullis et al., 1994; National Center for Educa-
tion Statistics, 1992; National Science Foundation, 1994). Al-
though the goal of "science for all" is emphasized in reform 
documents (AAAS, 1989,1993; NRC, 1996), current knowl-
edge about science learning and achievement with NELB 
students is limited (August & Hakuta, 1997; Lynch et al., 
1996). Despite a limited knowledge base, intervention pro-
grams in science instruction and curriculum have been im-
plemented with NELB students, as evidenced by the large 
number of program evaluation reports, program descrip-
tions, and teaching guides in the ERIC database (Lee, 1997). 
Most interventions seem to be based on intuition, rather 
than research-generated knowledge. Little information is 
available on the interventions' effectiveness in terms of 
what works and why. 

A small body of literature has emerged recently as a re-
sult of heightened awareness of diversity and equity issues 
in science instruction. Notable examples include the work 
by Rosebery, Warren, and colleagues who observed Haitian 
and Hispanic students using open-ended scientific inquiry 
and analyzed their communication patterns (Rosebery, 
Warren, & Conant, 1992; Warren, Rosebery, & Conant, 
1989). Fradd and Lee examined language performance, sci-
ence knowledge, cognitive strategy use, and interactional 
patterns among monolingual English-speaking and bilin-
gual Hispanic and Haitian students and teachers (Fradd & 
Lee, 1995; Lee & Fradd, 1996a, 1996b; Lee, Fradd, & Sutman, 
1995). In addition to these small-scale research efforts, na-
tional centers on science teaching and learning also have 
addressed issues of diversity and equity, including the Na-
tional Center for Science Teaching and Learning (e.g., Bern-
hardt et al., 1995; Donmoyer, 1995), the National Center for 
Cultural Diversity and Second Language Learning (e.g., 
Minicucci, 1996), and the National Institute for Science 
Education (e.g., Rodriguez, 1997). 

This emerging body of research indicates various ways of 
knowing, doing, talking, expressing values and attitudes, 
and displaying habits of mind among diverse NELB 
groups. To promote science learning for NELB students, it 
is necessary to understand the nature and practice of sci-
ence in combination with language and cultural experi-
ences of NELB students. The matrix of the components of 
science learning as they relate to diverse NELB groups is 
presented in Table 1. 

Each of the components of science learning is discussed 
with regard to the participation of NELB students. The in-
tent is not to provide an exhaustive review, but to highlight 
key points for consideration in promoting science learning. 
Examples are provided from our own work as well as rele-
vant literature. Several important issues should be noted. 
First, although members of a specific ethnolinguistic group 
may share common experiences, there are great variations 
among individuals within groups. Although valuable in-
sights and heuristics about typical group patterns can be 
obtained, recognition of individual variation is also neces-
sary. Second, although there are differences among diverse 
NELB groups, there are also commonalties across the 
groups. Third, rather than a set of monolithic outcomes, stu-
dents' performance can be viewed as a process of develop-
ing literacy and English proficiency together with learning 
science that progresses along a continuum toward the at-
tainment of high academic standards. Finally, there is a 
wide range of performance among NELB students, with 
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Table 1 
Science Learning With Students From Non-English-Language Backgrounds 

Ethnolinguistic groups 
Language Language Language Language Language Language 

Components of science learning group 1 group 2 group 3 group 4 group 5 group 6 

Scientific knowledge 
Knowing science (scientific understanding) 

Building on prior knowledge 
Using appropriate science vocabulary 
Understanding concepts and relationships 

Doing science (scientific inquiry) 
Engaging in inquiry 
Solving real-world problems 

Talking science (scientific discourse) 
Participating in social and academic discourse 
Using multiple representational formats 
Appropriating the discourse of science 

Scientific habits of mind 
Scientific values and attitudes 

Manifesting generic values and attitudes 
Appropriating culturally mediated values and 

attitudes 
Scientific world view 

Recognizing scientific ways of knowing 

some doing well and many having difficulties. Successful 
students' achievement can provide insights for meeting the 
needs of less successful students. 

Knowing Science 
Knowing science involves making meaning of scientific 
knowledge and vocabulary. Prior knowledge and personal 
experience play key roles in acquiring new knowledge 
(Driver, Asoko, Leach, Mortimer, & Scott, 1994; Posner, 
Strike, Hewson, & Gertzog, 1982). Learning and under-
standing occur when students successfully integrate new 
information with prior experience and construct new 
knowledge. The role of prior knowledge is especially im-
portant for NELB students. Because the knowledge stu-
dents bring to the learning process may differ from the 
mainstream, identifying relevant experiences can play a 
major role in linking what students already know with 
what they are expected to learn (Atwater, 1994; Barba, 1993; 
Matthews & Smith, 1994; Rakow & Bermudez, 1993). For 
example, NELB students would be familiar with metric sys-
tems of measurements, which can make an important con-
tribution in science instruction. 

Although vocabulary has traditionally played an impor-
tant role in learning science (Lemke, 1990), science vocabu-
lary is not a simple matter of a list of terms. Vocabulary 
learning, like language learning in general, is a complex 
process of developing relationships among ideas, terms, 
and meanings (Fradd & Larrinaga McGee, 1994). Appro-
priate use of key science terms is an indicator of the preci-
sion and sophistication of understanding (AAAS, 1993). 
Learning science vocabulary becomes more complex when 
comparable terms and parallel ways of considering ideas 

do not exist across languages. The words of one language 
cannot always be completely translated into another. Mean-
ings must be understood within cultural contexts (Cobern, 
in press; Maddock, 1981). Even when comparable terms 
exist in two languages, they are often not used with the 
same frequency or in the same manner (Bialystok & 
Hakuta, 1994). As a result, students may circumlocute to 
convey meanings and produce large quantities of talk or ut-
terances (Lee et al., 1995). By saying too much or too little, 
students may give the impression that they do not under-
stand when they simply lack specific language or commu-
nication patterns to express precise meanings. 

Doing Science 
As a way of knowing science, students engage in inquiry, or 
doing science, by manipulating materials, making observa-
tions, proposing explanations, interpreting and verifying 
evidence, and constructing ideas to make sense of the 
world. Inquiry is the most emphasized component of sci-
ence learning in the National Science Education Standards 
(NRC, 1996). 

The emphasis on inquiry poses challenges for many 
NELB students. Students from oral language traditions 
may have difficulty using language functions, such as re-
flecting, predicting, inferencing, and hypothesizing (Cas-
teel & Isom, 1994; Westby, 1995). Because of little formal 
schooling or the oral language traditions of the home, 
newly arrived students may experience difficulties with sci-
entific inquiry in school because they have not been en-
couraged to ask questions or devise plans for investigation 
on their own (Trueba, Cheng, & Ima, 1993; Walker-Moffat, 
1995). Students from cultures that respect authority may be 
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receptive to teachers telling and directing them, rather than 
to inquire, explore, and seek alternative ways. 

v 
Talking Science 
Although knowing and doing have long been acknowl-
edged as important components of science learning, recent 
reform emphasizes talking science. The National Science Ed-
ucation Standards (NRC, 1996) emphasizes, "[Teachers] 
structure and facilitate ongoing formal and informal dis-
cussion based on a shared understanding of rules of scien-
tific discourse. A fundamental aspect of a community of 
learners is communication" (p. 50). Scientific modes of dis-
course for thinking, reasoning, and communicating are an 
area of research in science education (Gee, 1991; Lemke, 
1990; Palincsar, Anderson, & David, 1993). 

Language can serve to structure the ways that ideas are 
developed, organized, and communicated (Kaplan, 1986; 
Newman & Gayton, 1964). The social discourse of learning 
is often overlooked in science learning. Until recently, much 
of the communication about science has been done through 
reading and writing, as opposed to oral communication 
(Yore, Holliday, & Alverman, 1994). With a growing em-
phasis on younger and less literate learners, the role of oral 
discourse offers insight into ways that students relate to sci-
ence and share their understanding with others. 

Talking science is closely related to literacy development 
and representational fluency, involving written, pictorial, 
graphic, and electronic formats. Students with limited liter-
acy experiences may initially have difficulty comprehend-
ing and using most representational formats. The appro-
priation of scientific discourse and the development of 
decontextualized, hypothetical reasoning can be facilitated 
using formats that do not require an explicit knowledge of 
verbal language. An example serves to illustrate the power 
of alternative formats in communicating ideas. A fourth-
grade class of NELB students conducted an activity demon-
strating the concept that when water freezes weight re-
mains the same, although volume increases. A student who 
had difficulty writing expressed the concept by drawing 
two scales, one with a container of water and the other with 
a similar container of ice. He marked both scales with ar-
rows showing that the weight stayed the same and made 
lines on the two containers showing the volume increased 
when the water turned to ice. 

Communication patterns vary across languages and cul-
tures (Cazden, 1988; Heath, 1983; Villegas, 1991). Students 
from diverse language backgrounds often have different 
interpretations of verbal communication and paralinguistic 
expression (Crowder & Newman, 1993; Lee & Fradd, 
1996a). When communicating in English, NELB students 
may use the discourse patterns of their home languages. 
For example, some bilingual students use gestures to sup-
plement and replace words and phrases more frequently 
than their monolingual English-speaking peers (Lee & 
Fradd, 1996a). Lengthy, repetitive, redundant talk that in-
cludes personal experiences and emotional reactions as 
well as science-related ideas occurs with some NELB 
groups (Moll, Diaz, Estrada, & Lopez, 1992). Michaels and 
O'Connor (1990) describe a Haitian girl who had the con-
cept of balance, but lacked the discourse pattern of "why-
because" and the practice of making mental operations ex-
plicit. Although alternative communication patterns can 
provide NELB students with powerful ways of demon-

strating their knowledge and understanding, these patterns 
may be ignored or even perceived as disruptive unless 
teachers recognize and value them. 

Acquiring Scientific Attitudes and Values 
Along with scientific inquiry and discourse, National Science 
Education Standards (NRC, 1996) emphasizes the nature of 
science as one of its key principles. Some scientific values 
and attitudes are found in most cultures, such as wonder, 
curiosity, interest, diligence, persistence, openness to new 
ideas, imagination, and respect toward nature. Other val-
ues and attitudes are characteristic of Western science, such 
as thinking critically and independently, reasoning, using 
empirical criteria, making arguments based on logic, 
questioning, openly criticizing, tolerating ambiguity, and 
demonstrating evidence rather than deferring to authority. 

The importance of enabling students to acquire scientific 
values and attitudes while retaining their-own cultural 
norms is an issue that requires careful consideration. Be-
cause science is largely defined in the tradition of Western 
science, the nature of science is more compatible with the 
cultural norms of the mainstream than those of diverse cul-
tures. Using the notion of "border crossings," students have 
more difficulties crossing the cultural boundaries between 
their everyday world and the world of science when the 
discrepancies are greater (Aikenhead, 1996; O'Loughlin, 
1992). For example, when students are taught to be in har-
mony and to function as a group, they may encounter great 
difficulty arguing their perspectives or critiquing others' 
ideas. Although the cultural norm of group cooperation 
often contrasts with individual and independent perfor-
mance in the mainstream (Atwater, 1994; Lee & Fradd, 
1996a; Tobin & McRobbie, 1996), both collaborative and in-
dividual performance are important in science learning. 
Mainstream and NELB students can equally benefit from 
learning each other's ways of participating in science. 

Developing the Scientific World View 
Science is a way of knowing that "distinguishes itself from 
other ways of knowing and from other bodies of knowl-
edge" (NRC, 1996, p. 201). The nature of science in the stan-
dards documents is defined according to a tradition of seek-
ing to understand how the world works (i.e., describe, 
explain, predict, and control natural phenomena). National 
Science Education Standards (NRC, 1996) clarifies the scien-
tific world view as opposed to alternative views: "Explana-
tions on how the natural world changes based on myths, 
personal beliefs, religious values, mystical inspiration, 
superstition, or authority may be personally useful and 
socially relevant, but they are not scientific" (p. 201). 

Although the distinction between the scientific world 
view and alternative views may be relatively straightfor-
ward to educated Westerners, children's world views in-
volve a complex interaction of personal beliefs and scien-
tific understanding (Loving, 1997). In addition, different 
cultural groups hold diverse, sometimes opposing, views 
about the social and natural world (Cobern, 1991; Hewson, 
1988). Some groups tend to have mechanistic, instrumental 
views that seek to explain or control natural phenomena, 
whereas others express alternative views in which per-
sonal, social, and supernatural forces interact with natural 
phenomena. For example, in explaining the cause of a major 
hurricane they had personally experienced, mainstream 
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students often interpreted the phenomenon as a natural 
event, whereas NELB students expressed world views'in 
which people and society (e.g., social ills of crime and vio-
lence), nature, and supernatural forces (e.g., God and dev-
ils) were all responsible (Lee, 1996). Because world views 
are shared belief systems in children's sociocultural envi-
ronments, the scientific world view presents a challenging 
"border crossing" for diverse students (Cobern & Aiken-
head, in press). Cultivation of the scientific world view, 
while recognizing and respecting alternative views, re-
quires a great deal of sensitivity and consideration for both 
teachers and students. 

Teachers' Roles in Establishing Instructional 
Congruence 
To promote science learning for NELB students, an instruc-
tional approach is needed that establishes congruence be-
tween the nature of science and the language and cultural 
experiences of the students. Despite the central roles of 
teachers in "mediating between children's everyday world 
and the world of science" (Driver et al., 1994, p. 11), little 
consideration has been given to the background knowledge 
and experiences teachers bring to instruction. Instructional 
congruence for NELB students in science learning requires 
that teachers have (a) an understanding and appreciation of 
students' language and cultural experiences, (b) scientific 
knowledge and habits of mind, and (c) abilities to relate 
science to students' background experiences. 

For teachers who share the languages and cultures of 
their students, having the same background knowledge can 
promote cultural congruence (Au & Kawakimi, 1994; 
Trueba & Wright, 1992). Implicit in the concept of cultural 
congruence is an understanding that teachers and students 
share and act on a set of unwritten rules and norms for in-
teracting and communicating. The less English-proficient 
students are, the more cultural congruence plays a part in 
the instructional process. Cultural congruence, however, 
may also pose difficulties to both teachers and students be-
cause culturally congruent ways of knowing and commu-
nicating are sometimes incompatible with the nature of sci-
ence as represented by science education standards. 

When teachers identify with the science community but 
do not recognize the value of the languages and cultures 
students bring to the learning process, the teachers may 
have difficulty establishing instructional congruence. With-
out teachers' support for learning new ways of knowing, 
doing, and talking science, students may fail to relate to sci-
ence and even actively resist learning it. 

In an effort to build a foundation for instructional con-
gruence with NELB students in science education, for the 
past five years, we have been working with three groups of 
elementary teachers who share the languages and cultures 
of their students: bilingual Hispanic and Haitian and mono-
lingual English-speaking. Consistent with standards-based 
reform in science education, our work has focused on un-
derstanding key concepts and big ideas, inquiry, literacy 
and effective communication, and scientific habits of mind. 
Instead of asking the teachers to adopt one particular view 
of science instruction, we have encouraged them to teach 
science as they believe it would be most accessible, mean-
ingful, and relevant for their students. Through this 
process, we have sought teachers' insights about how to re-
late science to students' language and cultural experiences. 

Despite their commitment to effective instruction, the 
teachers initially expressed apprehension about their lim-
ited knowledge of science. As they became more knowl-
edgeable about specific science content, they began to es-
tablish instructional congruence by relating their students' 
experiences to promote both science learning and language 
development (Fradd et al., 1997). A few examples illustrate 
the development of instructional congruence with these 
teachers. 

In introducing the use of the thermometer, an Hispanic 
teacher wanted students to learn to read the Celsius and 
Fahrenheit scales. He posed the following questions: 
"When you have a fever, what temperature does your 
mother look for? What number does she expect to see on the 
thermometer?" Student responses varied from 38 to 40 and 
98 to 100 degrees. While the students appeared puzzled by 
the range of numbers, the teacher responded, "Yes, that's 
right! Your mothers are taking your temperatures using two 
different scales, Celsius and Fahrenheit. Let's look at our 
thermometers. See the two scales? Our thermometers are 
bilingual, just like you." In this example, the teacher en-
abled students to recognize that two scales have equivalent 
ways of representing information. By relating the analogy 
of measurement systems with the students' language sys-
tems, the teacher linked students' experiences with big 
ideas of distinct but comparable systems. 

In promoting an understanding of the water cycle, a Hait-
ian teacher engaged the class in discussing the evaporation 
and condensation of water. In communicating their re-
sponses, students initially appeared to lack the necessary 
language to express their ideas clearly. As the teacher 
probed the students' responses, the discourse grew more 
comprehensive, moving from, "Condenses," and, "It con-
denses," to, "The water vapor condenses," and then, "The 
water vapor condenses as it cools." After further discussion, 
one student explained, "The hot water in the bottom cup 
evaporated to the top cup, where water vapor cooled with 
the ice and condensed in little drops." These discourse 
changes represent the intersection of language develop-
ment and science learning. Initially, students learning Eng-
lish may use present tense verbs only without specified 
nouns and pronouns. As discourse becomes more com-
plete, it also grows in complexity to include adverbs, adjec-
tives, dependent clauses, and tense changes. While students 
describe and explain their observations in science activities, 
they acquire the discourse of literacy and the language of 
science. 

Research on diverse ways of knowing, doing, and talk-
ing science is slowly emerging (Atwater, 1994). Although 
much remains to be learned about effective strategies to as-
sist NELB students develop science knowledge, inquiry, 
and discourse (Fradd & Lee, 1995; Lee & Fradd, 1996a, 
1996b; Rosebery et al., 1992; Warren et al., 1989), less is 
known about how to facilitate the cultivation of scientific 
habits of mind. For example, how can teachers enable stu-
dents to use empirical standards, logical arguments, skep-
ticism, questioning, and rules of evidence while main-
taining cultural expectations of cooperation, social and 
emotional support, consensus-building, and respect for au-
thority? Reconciling the nature of science with alternative 
habits of mind may be more challenging than the develop-
ment of scientific knowledge. Because it promotes funda-
mental literacy development as practiced by the main-
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stream, the cultivation of scientific habits of mind may be 
one of the most important contributions that science learn-
ing can offer. 

An Agenda for Promoting Instructional Congruence 
Science education reform emphasizes both excellence and 
equity for all students. Definitions of what constitutes sci-
entific literacy remain ill-defined and elusive (Eisenhart 
et al., 1996; Kyle, 1995; Lee, 1997). Although educators seek 
to define and provide quality science instruction, limited at-
tention has been given to equity. Achieving the goal of 
"science for all" requires the reconceptualization of funda-
mental issues of diversity and equity. 

In this article, we have described dynamic relationships 
between the language and cultural backgrounds of stu-
dents and teachers and the nature of science as proposed in 
science education reform. In establishing instructional con-
gruence, teachers can build on students' background expe-
riences while promoting new ways of understanding and 
communicating about academic subjects (Tikunoff, 1985). 
The difficulties inherent in establishing instructional con-
gruence highlight the challenges of both science and lan-
guage instruction. Recognition of diversity adds a new 
dimension to the discussion of individual and social con-
struction of scientific knowledge (Driver et al., 1994) and 
emphasizes the complexity of science instruction in multi-
lingual classrooms. 

The importance of establishing instructional congruence 
underscores the need for further research. Small-scale in-
vestigations have been initiated in bilingual classrooms 
with teachers and students who share the same language 
and culture. This line of research needs to continue in bilin-
gual classrooms with teachers and students of two different 
language and cultural backgrounds and, eventually, in mul-
tilingual classrooms. To effectively conceptualize and oper-
ationalize the research process, the integration of a variety 
of theoretical and methodological perspectives are re-
quired, including sociolinguistic, anthropological, cogni-
tive science, subject matter expertise, and technological in-
novations. The results of these investigations could provide 
insights for enabling teachers to establish instructional con-
gruence in science learning and language development for 
NELB students. 

Close linkages are needed to support the efforts of 
teachers, researchers, policymakers, and the public in 
forming a strong, well-conceptualized agenda to promote 
academic achievement with NELB students. Teachers who 
share the languages and cultures of their students can 
offer practical insights and instructional applications that 
can be extended to classrooms where teachers do not share 
the languages of their students. In collaboration with re-
searchers, teachers can contribute to the development of a 
knowledge base for promoting instructional congruence. 
The involvement of policymakers is essential in establish-
ing effective programs, securing resources, and promoting 
public awareness of the importance of science for all stu-
dents. The calls for excellence and equity emphasized in 
standards documents provide a platform for developing 
the policies, strategies, and programs that make the 
promise of "science for all" a reality. The case of science 
education with NELB students illustrates an opportunity 
to achieve high academic standards for all students across 
subject areas. 
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Statutes 

Improving America's Schools Act, Title VII: Bilingual Education, Lan-
guage Enhancement, and Language Acquisition Programs, Pub. L. 
No. 103-382,103d Cong., 2d Sess. (1994). 
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President-Elect 
Invites Suggestions 

Each year, the AERA president appoints a number of 
members to committees that are important to the asso-
ciation. The committees include Publications; Profes-
sional Development and Training; Governmental and Pro-
fessional Liaison; Special Interest Groups; Role and Sta-
tus of Women; Role and Status of Minorities; Nomina-
tions; Research, Policy, and Practice; International Re-
lations; JEBS Management; Annual Meeting; Profes-
sional Outreach; Telecommunications; Minority Fellow-
ship Selection; and seven annual award committees. 

This year, President-Elect Lorrie A. Shepard hopes to 
form many of the committees before the annual meeting 
in Montreal. She urges members to supply names, in-
cluding their own, if they are interested in serving on a 
committee. Please send a resume if volunteering (or a 
statement about qualifications if nominating someone 
else) and state which committees are of interest. 
She also welcomes suggestions about existing AERA 
programs and possible new initiatives. Please write to 
her at 

AERA, 1230 17th Street, NW, Washington, DC 
20036-3078. 
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